INTRODUCTION {#sec1-1}
============

Metabolic syndrome has been found to be associated with schizophrenia and mood disorders across a number of studies, both in drug naïve as well as patients who have received medications but with conflicting results.\[[@ref1][@ref2][@ref3][@ref4][@ref5][@ref6][@ref7]\] Available literature suggests higher prevalence of metabolic syndrome in drug-naïve participants with schizophrenia compared to control population with average prevalence of 10.8%.\[[@ref3]\] However, this prevalence increases largely in participants taking second-generation antipsychotics (SGAs) and ranges between 11% and 69%.\[[@ref8]\] This wide variation in the prevalence of metabolic syndrome could be attributed to various factors, namely diagnostic criteria used to ascertain metabolic syndrome, study design -- longitudinal or cross-sectional, molecule included in the study, and duration of treatment. For example, Adapted Treatment Panel-IIIa criteria marginally overestimated metabolic syndrome compared to the International Diabetes Federation criteria, 43.9% versus 40.1%, respectively.\[[@ref9]\] Longitudinal studies have shown that nearly half of the participants taking SGAs to develop metabolic syndrome by the end of 3 months, and this risk is higher among patients taking clozapine and olanzapine.\[[@ref8]\] On the other hand, cross-sectional studies have reported lesser prevalence.\[[@ref2][@ref6]\] Thus, the prevalence of metabolic syndrome in participants taking SGAs appears to vary across studies.

In addition, a higher risk for obstructive sleep apnea (OSA) among patients suffering from psychiatric disorders has been reported across a number of studies and reviews. Previous studies have suggested that 15%--48% of participants having schizophrenia, 21%--43% of participants with bipolar disorder, and 11%--18% of participants with recurrent depression have comorbid OSA.\[[@ref10]\] Many of these participants have been prescribed SGAs that cause weight gain. Weight gain is considered a risk factor for the development of OSA in these patients and could be one reason for the higher prevalence of OSA in patients suffering from schizophrenia and bipolar disorder compared to depression.\[[@ref10][@ref11]\] Besides weight gain, aging, and male gender have been found to be associated with OSA in these groups.\[[@ref12][@ref13][@ref14]\] Thus, antipsychotic-induced weight gain has been the most consistent factor leading to OSA in these studies.

Finally, participants with OSA have higher odds to have metabolic syndrome (odds ratio \[OR\] 2.87 and 2.56 in cross-sectional and case--control studies, respectively) even when they have not taken SGAs in their life.\[[@ref15]\] The reverse association is also true, and 90% of participants having metabolic syndrome have been reported to have comorbid OSA.\[[@ref16]\] Thus, we have robust evidence regarding the coexistence of metabolic syndrome and OSA.

Despite having so much of literature, multiple gaps exist in our knowledge linking the second-generation antipsychotics with metabolic syndrome. For example, conflicting evidence and wide variation in the prevalence of metabolic syndrome in participants exposed to SGAs questions the causation between the two. Second, knowledge regarding the predictors of metabolic syndrome in patients exposed to SGAs is limited and conflicting.\[[@ref8]\] Third, as discussed for metabolic syndrome, literature is also not uniform regarding the prevalence of OSA among participants suffering from schizophrenia spectrum disorders and bipolar disorders.\[[@ref17]\] Finally, the association between SGAs and metabolic syndrome, between SGAs and OSA, and between OSA and metabolic syndrome has been shown across various studies. However, to the best of our knowledge, whether metabolic syndrome in participants taking the second-generation antipsychotics is mediated through OSA has never been examined. Thus, we hypothesized that in a naturalistic setting, metabolic syndrome in participants exposed to SGAs could be mediated through OSA after controlling for confounding variables. With this primary objective, the present study was planned. Secondary objectives were to find the prevalence of metabolic syndrome and OSA in participants taking SGAs.

MATERIALS AND METHODS {#sec1-2}
=====================

This cross-sectional, observational, naturalistic study was done after seeking approval from the Institutional Ethics Committee using convenient sampling. Participants meeting criteria for schizophrenia spectrum disorder and major depressive disorder with psychotic features were screened for the prescription of SGAs.\[[@ref18]\] Participants of either gender who were taking second-generation antipsychotics for at least past 3 months and falling in age bracket of 18--60 years were requested to participate in the study after explaining the rationale. However, pregnant females; participants who were not able to provide information; poor adherence to medication (\<75%) (see below); those who were using or have used any substance of abuse except nicotine; taking valproate or stimulant or dopaminergic medication; having any other neuropsychiatric disorder, for example, dementia, Parkinson\'s disease; and finally other medical disorders, namely hypothyroidism, Cushing\'s disease, polycystic ovarian disease, and congestive heart failure were not included in the study. The diagnosis of these disorders was based on history, examination, and medical records.

Written informed consent was taken from those who agreed to participate in this study. Details regarding their demographic data, details regarding the illness, for example, total duration of illness, number of episodes, and course of illness were ascertained through history and medical records. Records were screened for systemic hypertension and diabetes mellitus. Systemic hypertension was defined as blood pressure of \>130/85 mmHg during examination or previous medical record showing these values on at least two different occasions or when the patient reported taking antihypertensive medications.\[[@ref19]\] Diabetes mellitus was defined as fasting blood sugar \>126 mg% or when the participant\'s previous medical records depicted the diagnosis of diabetes mellitus or they were already taking hypoglycemic medications.\[[@ref20]\]

Lifetime exposure to second-generation antipsychotics {#sec2-1}
-----------------------------------------------------

Past treatment records were analyzed. Details regarding the SGA molecules that have been prescribed, their doses (in milligrams) and duration of therapy (in days) were noted. Then, the cumulative dose for second-generation antipsychotic molecule was calculated (using formula dose per day multiplied by days taken). If a patient had taken more than one SDA, the cumulative dose for each molecule was calculated separately. After calculation of cumulative doses for each molecule, they were changed to olanzapine equivalents.\[[@ref21]\] In this manner, lifetime exposure to each antipsychotic (in milligrams olanzapine equivalents) was calculated. After this, olanzapine equivalents of all second-generation antipsychotics for each participant were added to find the lifetime total olanzapine equivalent exposure to SGA (e.g., SDA1 + SDA2 + SDA3....).

Adherence to medications {#sec2-2}
------------------------

Adherence to medication was assessed through triangulation of information from refill of prescriptions, subjective information regarding adherence, and corroborative information from the caregiver as there is no gold standard method for the assessment of adherence.\[[@ref22]\]

Daily physical activity {#sec2-3}
-----------------------

It was assessed using the International Physical Activity Questionnaire.\[[@ref23]\] This questionnaire assesses activities in five major areas of life -- occupation, transportation, household work, physical activity during leisure time, and finally, time spent sitting. Actions from each domain are further divided into vigorous and moderate activities. It contains total of 27 items that measure physical activity over a span of past 7 days. Scores from all items are added, and the result is used to categorize the participant in one of the three categories -- low, moderate, or high activity using ordinal scale. This has been found to provide good measure of average daily physical activity across countries; this has also been validated against an accelerometer.\[[@ref23]\] This questionnaire was translated and validated to Hindi (unpublished data).

Obstructive sleep apnea {#sec2-4}
-----------------------

Participants were screened for OSA using a validated questionnaire -- Berlin questionnaire.\[[@ref24]\] This questionnaire divides the participants according to the risk of having OSA -- low and high. It\'s Hindi translation was used in the present study which has been validated against in-laboratory attended polysomnography.\[[@ref25]\] Hindi version was found to have 89% sensitivity; it had positive predictive value of 0.87 and negative predictive value of 0.63 for classifying participants in low risk and high risk for OSA.

Physical characteristics {#sec2-5}
------------------------

Blood pressure was measured from the left arm in sitting position at least after 20 minutes of rest using a sphygmomanometer (Welch Allyn^®^ Tycos 509). Height and weight were measured using a standard stadiometer and an electronic weighing scale. Sphygmomanometer and weighing scale underwent periodic calibrations as a policy of the institute. Waist circumference was measured using a nonelastic tape at the level of iliac crests after fasting of 12 h as per the Adult Treatment Panel III guidelines.\[[@ref26][@ref27]\] Waist-hip ratio was measured following standard guidelines using a nonelastic measuring tape.\[[@ref28]\]

Investigations {#sec2-6}
--------------

Blood sample was drawn from the antecubital vein using aseptic precautions after overnight fasting of around 12 h. Plasma glucose estimation was done using glucose oxidase-peroxidase method using DxC-800 autoanalyzer (Beckman Coulter Inc., USA).\[[@ref29]\] Total cholesterol and triglycerides in serum were estimated using enzymatic endpoint method, and serum high-density lipoprotein (HDL) using polymer polyanion method using DxC-800 autoanalyzer (Beckman Coulter Inc., USA).\[[@ref30][@ref31]\]

Metabolic syndrome {#sec2-7}
------------------

It was diagnosed following Adult Treatment Panel III criteria from National Cholesterol Education Program.\[[@ref26]\] These criteria include central obesity (waist circumference \>100 cm in males and \>88.5 cm in females); elevated blood sugar (fasting plasma glucose \>100 mg% or patient taking treatment for diabetes); systemic hypertension (systolic blood pressure \>130 mmHg or diastolic blood pressure \>85 mmHg or patient undergoing treatment for hypertension); hypertriglyceridemia (serum triglycerides \>150 mg% or patient taking treatment for the same), or low HDL (serum HDL \<40 mg% in males and \<50 mg% in females or taking treatment for the same). If a participant has fulfilled any three out of these five criteria, he was considered having metabolic syndrome.

Statistical analysis {#sec2-8}
--------------------

Statistical analysis was done using the Statistical Package for the Social Sciences (SPSS v. 21.0; IBM SPSS Statistics for Windows, Version 21.0. Armonk, NY: IBM Corp.). Descriptive statistics were calculated. Chi-square was used to compare proportions between two groups. For the normally distributed continuous variables, the mean was compared using independent sample *t*-test. The Mann--Whitney U test was used to compare continuous variable where distribution was skewed. Binary logistic regression analysis was done using forward stepwise method to develop a model for the factors contributing to metabolic syndrome in this sample. For this model, categories of moderate and high physical activity were combined in one category.

RESULTS {#sec1-3}
=======

A total of 63 participants were screened, out of which 20 were excluded from the study. Reasons for exclusion included pregnancy (1 participant), poor adherence to medications (5 participants), coprescription of valproate (10 participants), and falling out of age bracket (4 participants). Clinical characteristics were comparable between included as well excluded participants \[[Table 1](#T1){ref-type="table"}\].

###### 

Comparison of participants included and excluded from the study

![](IJPsy-60-478-g001)

Among subjects included in the study, about 20.9% of participants were at high risk for OSA, and 25.6% had metabolic syndrome. One participant had systemic hypertension while diabetes mellitus was found in two participants. [Table 2](#T2){ref-type="table"} depicts the comparison of participants with and without metabolic syndrome. Both groups were comparable with regard to most of the demographic, disease-related, and therapeutic parameters.

###### 

Comparison of participants with and without metabolic syndrome

![](IJPsy-60-478-g002)

Binary logistic regression analysis was done to develop a model for the factors that contributed to the development of metabolic syndrome. A number of variables that were thought to influence metabolic derangement were entered including age, body mass index, waist-hip ratio, waist circumference, OSA risk (high or low), physical activity (low or high), total lifetime SGAs exposure (in milligram olanzapine equivalent), fasting plasma glucose, serum HDL concentration, and serum triglyceride concentration. Overall model was statistically significant (*P* = 0.002). It produced four different models, out of which, model 4 explained 61% variability of the included factors and classified 86% cases correctly \[[Table 3](#T3){ref-type="table"}\].

###### 

Logistic regression analysis of factors that may contribute to metabolic syndrome

![](IJPsy-60-478-g003)

DISCUSSION {#sec1-4}
==========

This study showed that nearly one-fifth of the participants taking second-generation antipsychotics are at high risk for OSA and approximately one-fourth of them had metabolic syndrome. Multivariate regression analysis has shown that after controlling for various factors that could contribute to metabolic syndrome, OSA appeared to have major contribution (OR = 15.09) \[[Table 3](#T3){ref-type="table"}\]. Rest of the variable reached significance in regression analysis, as they were part of criteria for metabolic syndrome.

A number of studies have reported a higher prevalence of OSA among participants taking antipsychotics.\[[@ref32][@ref33]\] The prevalence was found to vary between 14.9% and 20.9% among participants with schizophrenia spectrum disorder across studies.\[[@ref13][@ref34]\] Results of the present study also confirm that nearly one-fifth of the participants was at high risk for OSA, and the population was comparable to that in other studies. However, understanding regarding the pathogenesis of OSA *per se*, and also in this category of participants has changed over the years. Keeping with literature explaining the pathogenesis of OSA, studies involving participants taking SGAs emphasized on body weight and argued that antipsychotic-induced weight gain resulted in OSA.\[[@ref11][@ref14]\] However, the present understanding suggests that OSA results from not only peripheral factors (e.g., obesity and large neck circumference to name a few) but also neural factors (e.g., chemosensitivity reflexes, behavioral state, and activation of respiratory centers) are equally important.\[[@ref35]\] A recent follow-up study showed that features OSA appear in as short as 8 weeks in participants taking SGAs without any change in weight supports this notion.\[[@ref36]\] Another cross-sectional study also reported that OSA in participants exposed to SGAs was seen independent of body weight and neck circumference.\[[@ref32]\] Apparently, SGAs induce some changes in respiratory centers of brain or at the level of pharyngeal muscles perturbing the fine balance between peripheral and central mechanisms that govern the patency of the upper airway.\[[@ref37][@ref38][@ref39][@ref40][@ref41]\] However, these evidences are weak, and well-designed studies are required to address this issue.

One-fourth of the participants in the present study fulfilled the criteria for metabolic syndrome. The prevalence of metabolic syndrome among participants taking SGAs was found to vary between 12.8% and 29.3% in the Indian population.\[[@ref2][@ref6]\] While previous literature suggested a link between the SGAs and metabolic syndrome;\[[@ref4][@ref9]\] contrarily, the recent literature has questioned this association.\[[@ref1][@ref3][@ref5]\] Two 24 months long trials failed to report any change in physical and metabolic profile among patients taking SGAs.\[[@ref1][@ref5]\] Going along with the recent findings, in the present study too, we did not find any association between SGAs and metabolic syndrome \[Tables [2](#T2){ref-type="table"} and [3](#T3){ref-type="table"}\]. Moreover, there is a shift in understanding of the pathogenesis of metabolic syndrome in this group. Instead of weight gain and physical inactivity, it appears to be related to the activation of the hypothalamic-pituitary-adrenal axis, sympathetic stimulation, persistent proinflammatory state, and gene mutations.\[[@ref3]\] The present study also confirms that metabolic syndrome was independent of cumulative exposure to SGAs as well as physical characteristics except those that were included in diagnostic criteria for metabolic syndrome.

So far, it has been discussed that OSA and metabolic syndrome in participants receiving SGAs are independent of antipsychotic exposure and SGAs-induced changes in physical characteristics. However, the present and previous studies mentioned so far have shown that a significant proportion of participants exposed to SGAs have metabolic syndrome as well as OSA. Is it possible that OSA explains the relationship between the two? Is it possible that OSA produces certain physiological changes that then pave the way for metabolic syndrome? These questions become pertinent in light of literature which suggests that association between OSA and metabolic syndrome is independent of obesity.\[[@ref42]\] OSA is thought to induce metabolic syndrome through a variety of mechanisms that are independent of obesity and include sympathetic activation, oxidative stress, systemic inflammation, insulin resistance, and increased leptin level.\[[@ref43][@ref44]\] Interestingly, as discussed earlier, similar mechanisms have been proposed for SGAs-induced metabolic syndrome as well.\[[@ref3]\] Thus, the current literature suggests two facts -- first, mechanisms other than obesity work to develop metabolic syndrome, and second, OSA can induce these mechanisms. Finally, as has already been discussed, SGAs can induce OSA without changing physical characteristics.\[[@ref32][@ref33][@ref37][@ref38][@ref39][@ref40][@ref41]\] Together, these facts substantiate results of the present study which showed that metabolic syndrome in participants taking SGAs was mediated through OSA rather than body mass index and waist-hip ratio \[[Table 3](#T3){ref-type="table"}\]. We propose that SGAs precipitated OSA through neural mechanisms, which in turn, activated machinery to induce metabolic syndrome in these participants. This is a new understanding that deserves further research.

Similar to any other scientific investigation, the present study also had few methodological limitations. First, the sample size was small; second, the convenient sampling technique was used; third, the diagnosis of OSA was based on questionnaire; and fourth, for reasons already mentioned, compliance was measured through self-report, which was corroborated, by caregiver and refill of prescription. Finally, the study group appears heterogeneous with the inclusion of participants from diverse diagnostic categories, i.e., schizophrenia spectrum disorder and major depressive disorder. At present, we have conflicting data regarding the prevalence of metabolic syndrome in these groups. While one evidence suggests the highest prevalence in schizophrenia spectrum disorder, other in major depressive disorder.\[[@ref10][@ref12]\] Moreover, although SGAs and antidepressant medications are prescribed in both groups, antidepressants have not been found to play a role in metabolic syndrome.\[[@ref45]\] We considered that these factors would have negated the effect of underlying illness. Despite these limitations, to the best of our knowledge, this is the first study to explore this area with robust exclusion criteria. Almost all the factors that could influence either metabolic syndrome or OSA were considered during the analysis, enhancing the reliability of data.

CONCLUSION {#sec1-5}
==========

Preliminary evidence from the present study suggests that metabolic syndrome in participants exposed to SGAs is mediated through OSA.
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